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ABSTRACT. In a series of laboratory oviposition assays, gravid Toxorhynchites splendens exhib-
ited.a preference^for cups contaitring Aedes.aegyptilarval rearing water, blt not for cups containing
liquid cultures of bacteria, liv9 Ae. aegypti,in distilled water, Ae. aegypti larval holding water witfr
reduced bacterial contamination, or methyl propionate at 0.1, 0.2 aid O.S% in distilled- water. pre-
oviposition flight behavior was- elicited by dark-colored containers, but few eggs were deposited if they
contained no water. An invisible gource of humidity placed in cups enhanied oviposiiion, but a re--
flectiv-e surface placed in dry cups did not. It is coniluded that this *f""i". i. rttoitgfv innuencea tv
humidity and visual etimuli in the acceptance of a site for oviposition.
INTRODUCTION
Larvae of mosquitoes in the genus Toxorhyn-
chites are predacious on the larvae of Aedes ae-
gypti (Linn) and other container-breeding
mosquitoes. The degree of overlap between lar-
val habitats of predator and prey will strongly
influence the overall impact of a predator on a
given prey population. Therefore, oviposition
site preferenceby Toxorhynchites is an impor-
tant aspect of their biocontrol potential. Habi-
tat overlap or lack thereof has been clearly im-
plicated in successes or failures of control
efforts involving several species of Toxorhyn-
chites (Focks 1985).
The ability of a female Toxorhynchites to
discriminate between sites actually containing
prey larvae and those without prey, may be crit-
ical to the success of a biocontrol program. ?or-
orhynchites arnboinensis (Doleschall), which is
particularly adept at locating and ovipositing in
artificial containers in urban environments, ap-
pears to oviposit in response to unidentified
cues correlated with the presence or absence of
prey larvae in the field (Focks et al. 1983). ?or-
orhynchites rutilus septentrionalis (Dyar and
Knab) (Trimble 1978) and ?r. r. rutilus (Co-
quillett) (Focks and Hall 1977) exhibited an
oviposition preference for Ae. aegypti lawal
rearing medium over distilled water in the lab-
oratory, though for the former species this be-
havior may have been due to a visual response
to differences in color rather than to an olfac-
tory response to volatile compounds (Trimble
L978). Toxorhynchites r. septentrionalis was
shown by Slaff et al. (1975) to prefer black to
white oviposition containets. Toxorhynchites
I This is paper number LL,2l4 of the Journal Se-
ries of the North Carolina Agricultural Research
Service, Raleigh, NC 27695-7601. The use of trade
names does not constitute endorsement of one prod-
uct to the exclusion of others.2 Present addresB: Beecomist Systems Inc., 31
Meetinghouse Road, Teleford, PA 18969.
splendens (Wiedemann) rarely oviposited in
white containers (G. L. Benzon, unpublished
data).
As an adjunct to our work with oviposition
preferences of Ae. aegypti, we conducted labo-
ratory experiments to determine if certain
physical and chemical factors affect the ovipo-
sition preference of Tx. splendens. The influ-
ence of larval rearing water, larval holding
water with reduced bacteria and bacterial cul-
tures were of particular interest.
METHODS AND MATERIALS
A colony of Tx. splendens was established
from eggs obtained from the New Orleans Mos-
quito Control Board. Eighty to 100 eggs were
hatched in 26 X 40 X 8 cm clear plastic pans
containing 2 liters of tap water aged at least 24
hours. Upon hatching, larvae were provided
200-300 first instar Ae. aegypti, and were
thereafter provided daily with an excess of Ae.
aegypti of approximately the same stadium as
themselves. Pupae were transferred to a 15 cm
diam. X 6 cm height white emergence dish con-
taining distilled water which was placed in a 45
X 45 X 45 cm screened cage. Adults were pro-
vided with three 10 cm long cotton dental wicks
protruding from 30 ml reservoirs of 10% su-
crose solution. About 60 to 120 adults of mixed
ages were held in each of 2 cages in a male to
female ratio of 2:1. The colony wae maintained
at 26.6 + 0.5oC and 70 + 2% RH under a flu-
orescent lighting regime of 14 h light:10 h dark.
All assays were conducted in a room where
conditions were similar to the rearing room but
where no mosquitoes were reared. Four 500 ml
black plastic cups with a top diam. of 9 cm(Louisiana Plastics, St. Louis, MO) were used;
one cup was placed 10 cm from each corner of a
colony cage. Two cups receiving the same treat-
ment were placed diagonally opposite one an-
other. Cups were removed after 45 min. and the
eggs immediately removed and counted, after
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which cups were returned to the cage with the
positions of treated and control cups reversed.
The total number of eggs deposited in the two
treatment and two control cups for each 45 min.
period were recorded. Pairs of trials were re-
peated 2-6 times.
The following treatments were evaluated:
1. Water in which 300-400 Ae. aegypti had,
been reared to fourth instars according to a
standard feeding schedule3 and used unfil-
tered but with larvae removed ("larval rear-
ing water"), vs. distilled water.
2. Water prepared by holding 4th instar Ae. ae-
gypti at a density of 1 larva/ml of sterile dis-
tilled water for 24 hours, using a screen par-
titioning and membrane filtration method3
that reduced bacterial contanination ("lar-
val holding water"), vs. sterile distilled
water.
Distilled water to which 100 live, rinsed, 4th
instar Ae. aegypti were added and left for
the course of each trial, vs. distilled water
without larvae.
Cultures of the bacterium Acinitobacter cal-
coaceticus prepared by inoculating 7.5 X 106
cells into 200 ml of Xth strength sterile Difco
nutrient broth incubated at 26.6oC fot 24h,
The dilute broth allowed bacteria to multi-
ply at approximately the same rate as in lar-
val rearing medium3, reaching a maximum
density of approximatety 1 X 108 colony
forming units/ml. Uninoculated nutrient
3 Benzon, G. L. 1987. Oviposition attraction and
stimulation in Aedes aegypti (L.) and in a predator
of mosquito laruae, Toxorhynchites splendens (Wei-
demann). Ph.D. Dissertation. Department of Ento-
mology, North Carolina State Univ., Raleigh, NC.
broth from the same batch was used in con-
trol cups.
5. Distilled water vs. no water.
6. Transparent acrylic plastic disks (7 cm diam.
X 1.5 mm thick) placed in the treatment
cups to simulate the reflective surface of
water (no water added), vs. cups without
disks or water.
?. Six water-saturated layers of filter paper
placed in the bottom of treatment cups cov-
ered by a7.5 cm diam. disk of 20-mesh stcel
screen, vs. cups with dry filter paper and
gcreen.
8. Distilled water containing methyl propio-
nate at one of three concentrations (0.1, 0.2
and 0.4%), vs. distilled water alone. Methyl
propionate in this range of concentrations
was found to strongly enhance Ae. aegypti
oviposition in the laboratory (Perry and Fay
1967).
The contributions of treatment, cup positions
and time period to the experimental variance
were analyzed for each treatmen! type using the
SAS ANOVA procedure (SAS Institute 1985).
Unless indicated otherwise, statigtical analyses
were canied out at the a = 0.05 level of
significance.
RESULTS AND DISCUSSION
Results of all assays are giveh in Table 1. In
Experiment L, Tx. splendens deposited signifi-
cantly more eggs in cups containing Ae. aegypti
larval rearing watet (63.L%) than cups contain-
ing distilled water. Trimble (1978) reported a
strong preference for similar larval rearing
water by Tx. rutilus septenttionalis (80.4Vo).
As with gravid. Aedes aegypti in previous
.f,
4.
Table 1. Results of Tororhynchites splendens oviposition assays of selected physical and chemical factors. tr
statistic is for treatment effect. See text for explanation of treatment types.
No. of Mean no. eggs per trial
trials Treatment Control FTreatment vs. control Prob > F
1. Larval rearing water vs. digtilled
water
2. LawaI holding water vs. distilled
water
3. Live lawae in distilled water vs.
distilled water
4. Bacterial culture vs. uninoculated
broth
5. Distilled water vs. dry
6. Wet filter paper vs. dry filter paper
7. Plastic disk vs. no disk
8. Methyl propionate in distilled water
vs. distilled water
0 .L%
0.27o
0.4%
8
8
4
L4
4
4
4
4
4
4
6.78
0.10
0.L7
139.0
t72.6
155.0
82.4
189.5
59.5
4.8
106.5
125.5
66.3
81.1
166.0
163.8
68.4
9.0
6.3
7.3
104.5
L22.5
7L.3
0.02
0.76
0.?0
0.85 0.37
L8.r2 0.01
47.2t 0.002
0.39 0.56
0.00 0.95
0.03 0.86
0.05 0.84
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experiments3, Tr. splendens showed no prefer-
ence for Ae. aegypti larval holding water pre-
pared in a manner to reduce bacterial contam-
ination (Experiment 2). Also, the presence of
live Ae. aegypti larvae had no significant efect
on oviposition (Experiment 3). These results
led us to assay the Acinitobacter cultures (Ex-
periment 4). Though bacterial cultures were
shown in previous experimentss to influence
gtavid Ae. aegypti, they had no significant ef-
fect upon oviposition by Tx. splendens. Albeit,
we cannot conclude that either bacteria or prey
larvae do not produce some volatile substances
that enhance oviposition. Larval holding water
produced over a24 hr period (to exclude the ef-
fects of added food and resultant fecal contam-
ination) probably does not contain the entire
complement of endogenous products that might
accumulate in a small breeding site over the en-
tire course of larval development. The larval
rearing water used in our experiment was a
complex and concentrated mixture of several
different bacteria, decomposing food, and feces
from a high density of larvae. It was likely to be
considerably more concentrated than that
which may be found in the field.
Oviposition was rare in cups lacking water. Of
794 eggs collected in Experiment 5, only 36(4.5%) were found in dry cups. Apparently, a
reflective surface does not, by itself, stimulate
oviposition (Experiment 6). Over the four 45
min. periods, only 19 eggs were collected from
cups containing clear plastic disks and 29 eggs
from empty control cups. The importance of
humidity was confirmed by the results of Ex-
periment 7. Only 25 eggs were deposited in cups
containing dry filter paper but 238 eggs were
found in cups with moist filter paper. Because
screen disks prevented females from coming in
contact with the filter paper, we conclude that
females were able to sense the increased humid-
ity in the head space of the latter cups. Females
often were observed to execute their looping
pre-oviposition flight behavior (Furumizo and
Rudnick 1978) over dry cups. This observation
suggests that the looping flight facilitates the
perception of humidity gradients that would in-
dicate the presence of water even when the
water is obscured from view. The extremely hy-
drophobic nature of the chorion of Toxorhyn-
chites eggs allows them to bounce otrthe walls
of oviposition sites to reach the water (Fu-
rumizo and Rudnick 1978) if more direct access
is impossible.
Finally, none of the three concentrations of
methyl propionate tested had a significant ef-
fect upon oviposition (Experiment 8). Toro-
ryhnchites may respond to other airborne odors
but they do not respond to this compound
found by Perry and Fay (1967) to strongly en-
hance Ae. aegypti oviposition in the laboratory.
Based on other results presented above, the re-
flectance of the oviposition container and hu-
midity seem to be more important factors rela-
tive to olfactory cues in the acceptance of sites
for oviposition by Tx. splend.ens in the labora-
tory. The white pupal emergence cups were
never observed to elicit pre-oviposition flight
behavior and only a few eggs were found in
them even after 4 days in the colony cages.
Likewise, very few eggs were deposited in dry
containers. Given the external stimuli and in-
ternal influences that may effect Toxorhyn-
chites behavior under field conditions, we feel
that investigations, such as Focks et al. (1983),
that correlate Toxorhynchites oviposition site
preference and natural occurrence of prey lar-
vae would be especially valuable in evaluating
the potential of this and other Toxorhynchites
species as biological control agents of container-
breeding mosquitoes.
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